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PRE F ACE

‘Ihe model investigation reported herein was authorized by the Of— ‘
V

f i s ’ s ’ , (‘l u i e f of Engineers , I). S. Army , on 28 May 1974 , at the request of

the I’ . S. Arm y Engineer Dis trict , Fort Worth.

Fl ue ’ stud y was conducted during t h e  period May 1974 to May 1975 in

the Hydrauli cs Laboratory of the U . S. Arm y Engineer Waterways Experi-

ment Sta tion (WES) under the direction of Mr. H. B. Simmons , Chief of
the Hydraulics Laboratory , and under the general supervision of

Messrs . J. L. Cr,ice , Jr., C h i e f  of the S t r u c t u r e s  D i v i s i o n , and J. P.

Bohan , Chief of th e Spiliways and Channels Branch. The project engineer

for t he  model study WVI ~~S Mr. E. D. Rothwell , assisted by Mr. B. Perkins.

This report was prepared by Mr. Rothwe ll .

During the course of the investi gation , Messrs. W . P. Johnson , Jr.,

T. Schmid gall , C. F’. Berrvl lill , C. H. Sullivan , and R. L. James of the

L’ . S. Army Engineer Division , Southwestern; Me ,.srs. C. W. Demeritt ,

R. A. Wurbs , S. T . Mayn ord , R. Turner , C. Carefoot , H. Karbs , W . Shaver ,
and L. Wong of the Fort Worth District; and Messrs. K. Zahm ani E. M.

Quintana of the Albuquerque District visited WES to discuss the program

and results of model tests , observe the model i -‘o ration , and cor-

relate these results with design studies.

Directors of WES during the conduct of the study and the prepara-

tion and pub lication of this report were COL C. H. Hilt , CE , and
COL J. L. Cannon , CE. Technical I)irector was Mr. F. R. Brown .
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PART II: T HE M0 I )EL

i)eso r i,pt t on

6. A 1:80—scale model was constructed to reproduce all topography

S and structures in an area extending 2350 ft upstream and 3000 f t  down-

stream from the centerline of the dam embankment and 500 ft to the right

and 4600 ft to the left of the centerline of the spi llway (Figure 2 and
Plate 1). The portions of the model representing the approach , exit ,

and overbank areas were molded of cement mortar to sheet metal temp la tes

and were given a brushed finish . The uncontrolled broad—crested weir

was fabricated of sheet metal (Plate 2). The outlet works and stilling

basin were constructed of plastic—coated plywood.

7. Water used in the operation of the model was supplied by

pumps , and discharges were measured with venturi meters. Steel rails

set to grade provided reference planes for measuring devices. Water

surface elevations were obtained with point gages. Velocities were

measured with a pitot tube and by timing the movement of flotage and dye

over measured distances. Current patterns were determined by observing

the movemen t of dye injected into the water and confetti sprinkled on

the water surface .

Scale Relations

8. The accepted equations of hydraulic similitude , based upon

Froudian criteria , were used to express the mathematical relations be-

tween the dimensions and hydraulic quantities of the model and proto—

type . The general relations expressed in terms of the model scale or

length ra tio, L , are presented in the following tabulation :

Dimensions Ratio Scale Relation

Length L
r 1:80

Area A
r 

= L
2 1:6 ,400

(Cont inued)
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PART III: TESTS AN!) RESULTS

A~pp roach Channe l Area

10. The approach area reproduced in t h e  model extended 2,350 ft

upstream from the e - e’n t e r l t n e  of the dam embankment (Figure 2 and

P l a t e  1).  V e l o cI t i e s  and f l o w  p a t t e r n s  in the  approach channel  were

measured at  100—f t  i n t e r v a l s  to the r igh t and l e f t  of t i le c e n t e r l i n e

of the channe l and for a distance of 1,450 ft upstream from th e center—

line of the s p i l l w a v  ( P l a t e  3 and Photo 1). These veloc ities were taken

at 0.6 depth below the water surface- for discharge’s of 88,000 and

284 ,000 cfs and pool c-I of 845.0 and 856.6, respectiv ely , as shown in 
0

P la te ’ 3.

riD is cha r j c Ch a noel A re a

11. The entire sp iliway discharge and exit channe l area from the

centerline of the sp illway downstream for 4,450 f t (Figure 2 and
Plate 1) was reproduced in the model. Flow conditions were investi gated

for a range of uncontrolled discharges including 78,000 cfs (standard
pr ojec t f l ood) and 284 ,000 cfs (spiliw ay design flood). These flows

were concentrated along the righ t side of the spillway channel down-

stream from the control weir. This situation caused flooding in the

ravine , located to the ri gh t of the sp i llway channel , and produced
irregu lar flow pa tt erns in the ex it channel below the sp illway

(Photo 2). Velocities and flow patterns in the spiliway, downst ream V

of the control weir , and in the exit channel were measured at 150—ft

intervals in the spiliway and 50—ft intervals in the exit channe l to

the right and left of the respective centerlines (Plate 4 and Photo 3).

These velocities were taken at 0.6 depth below the water surface for

discharges of 88,000 and 284 ,000 cfs and pool e], of 845.0 and 856.6 ,

respective ly, as shown in Plate 4. Wave heights resulting from surging

along the left hank of the San Gabriel River and along the toe of the

dam embankment are also shown in Plate 4.
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I,e’ t’ t Abu tmen t  Rt ic kt  i ll  I) iko

1 ~ . l o st s we~ r e ceindlI c t e’d in  the  v i  o in i t  v of t he  ups I ream l e f t

abu t ‘ s O t  to d( ’te ’rul i no I lie . I I OW c’ouid it ions :ussits ’ i at I ’l l  WI t l t  v o r i c l i l s  dis—

i’ht a rges . l’Ite magn I t ude ’ and d I re’ s t i (In of ’ ave rage vo l  oc I t Ii’s (measu red at

0. h de’ptl i  o t  t l i tw ) ,it the ss r ’i g iit t l l~’i’ t libutlne nt , ares shown in i’ la t_ c ’  7

and l’ito ‘ ‘ 
‘
u . These ’  ti ’s t s m d  i cli It ’d t litu t a reduc- I ion in the  m a g n i t u d e

,ut i t i d i r e s t  ion oi  ay e ’ r i g s ’  v u ’  I s ’ s ’ it I es a l o ng  the  upst ream darn embankment

and ‘i r I s l i l s I  t lie Fe ’ t liii i ng W i l l  would h~’ 1 ’q l ;  I re ’d to e n s u r e  s t a b i l i t y  of

the ’ it i I, , i I ) t l t r n e ’ f l t  . b i t t ’  t o r t  g s s r t l i  District (SWh ” )  f u r n  i shed do t  a i l s  of

t li5 ’ ltrt)pOs& .d i’ s s s k i ’ i l l  d i k e ’  to  he’ located in t he ’ vic init y of the upstream

le t  t ahut ssi~’nt (P late  8 and Ph oto ~
) . Test results with the proposed

tie’s i gn m d  i i ’ ;u t ~~d t h a t  tile n~ u g n i tude ’ and d i  rect ion o f average  ye lao  i t  j e s

we re ’ s u f f i  c H u t  lv  reduced  in  t h e  v i c i n i  t v  o f t l l e  sp i l  iway l e f t  a b u t m e n t

to p r ’ v  i do a d e q u a t e  p r o t e c t  ion e l f  t h e  darn embankment  and r e t a i n i n g  w a l l

( P l a t e ’  7 ) .  However , i n c r e a s e d  v e l o c i t i e s  were  observed  in the  v i c i n i ty

01 t l I t ’  0 5 t h  t it d t ’(’t’S5 road ap p r o ;i e ’li  to t h e  Sj) i i  I w z i v  (S t  II 12+00 and 14+00)

.is compared to  those observed with the orig inal left abutment (Plate 7).

15. Several  a l t e r n a t i v e  des igns  w e r e  s t u d i e d  w i t h  the conclusion

that a smaller rockfill dike would  decrease  tile m a g n i t u de  of the  average

v e l o c i t i e s  in the  v i c i n i t y  of the  s o u t h  access road approach  to the

spillway , while adequately protecting the dam embankment and retaining

w a l l .  SWF f u r n i s h e d  d e t a i l s  of th ree  a l t e r n a t i v e  r o c k f i l l  d ikes .  W i t h

eaclt d ike  de’si gn , t he  m a g n i t u d e s  of the average velocities in the

vicinity of th e spiliway left abutment were sufficiently reduced to pro-

vide adequate protection of the dam embankment and retaining wall while

at the same time reducing the severe flow conditions produced at the

5, 5 11 t h access road approach to the spillway. However , the  100—ft—long

el l i ptical shaped dike (Figure 3 and Plate 9) provided a more uniform

flow distribu tion along the left side of the sp illway approach channel.

Velocities associated with the proposed and alternate rockfill dikes are

shown in Table 7.
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Fi gure 8. De tails of Type 4 (recommended) desi gn rockf il l  dike II 1,
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Downstream San Gabr ie l
River dikes

23. Mo del results indicate that the downstr eam San Gabri el River
dikes (Figures 7 and 8) Const ructed  of d

50 stone of 25 in. would pro-
vide ade quate pr otect ion along the toe of the dam embankmen t. The
following grada tion is recomm ended ba sed on a d

50 of 25 in. for these
dikes:

Percent FinerStone Diameter,, jn. by Wei~ht
45 85—100
40 50—85
25 15—50
11 0—15
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PART 1V: D I S C U S S I O N

.~“e .  ‘l’he hy d r au l i c  model  i nves t i g a t i o n  of the North Fork Lake

Sp i l l w 5 u v  revealed the  ge neral adequacy of tile’ o v e r a l l  desi gn of the

structure and d i s c h a r g e  c h a n n e l s .  M i n o r  m o d i f i c a t i o n s  were requi red  in

t i l e ’ v i t ’ i n i t v  of the’ upstream left abutment to improve the hydraulic

pe’rformanee’ and provide protection for the dam embankment and retaining

wal l. Major nsodifica t ions we’re required in the exit channel and along

t I le ’ left bank elf the San Gabriel River to provide adequate protection of

t he  downstream dam embankment.

25, The performance of the spiliway crest design was satisfac—

t o ry , and no alterations were made during the study. However , the model

indicated that flow concentrated along the  right side of the spiliway

channel downstream from the control weir. This situation caused flood—

ing in the  ravine located to the right of the spiliway channe l and

irregular flow patte’rns in the exit channel below the spiliway . This

condition was expected and would be permissible in the prototype and

therefore no alterations were considered in the  model.

26. Al though the ori ginal proposed rockfill dike located at the

upstream left abutment of the spiliway performed satisfactorily to pro-

vide adequate protection of the dam embankment and retaining wall , it

was found that better economics and flow conditions in the vicinity of

the south access road approach to the spiliway could be effected by re-

ducing the overall dimensions of the rockfill dike structure . Several

dike designs were studied which sufficientl y reduced the magnitude of

the average velocities in the vicinity of the spi l iway left abutment

while providing adequate protection of the dam embankment and retaining

wall. The 100—ft—long ellip tical shaped dike des ign (Plate 9) provided

a more un i f o r m  flow distrib ution along the lef t side of the spillway ap-

proach channel and , therefore , is the recommended design .

27. The model study also indica ted that additional protection

wou ld he req uired in the ex it channel and the San Gabr iel River bas in

to ensure the stability of the dam embankment against scour. Excavation

along the downstream right b luf f  of the spillway exit channel and two

26

- - •‘— ,_,-s”~~,,s,V-

- A_ . ,~ .~~~~~ . 
-
~~~~~~~~~~~~~ _ -- ~~~~~~

‘
~~~~~~~~~

‘
~~

-‘
~ - ~~~~~~~~~~~~~~~~~~~~~ -- --~~‘-~~~~~ ~~~‘



r oe ’k f i l  1 d ike ’s  lo c a t e d  a long  t h e  l e f t  hank  of  the  San Gabriel Rive r

( ‘~5,s , 1 dike) and the dam embankment (Nit . 2 dike) will provide adequate

protection of tite’ darn embankment. These studies indicated that either

t h e  Type 2 or I’vpe 4 desi gn dikes constructed of ri prap with an average

diameter of 25 in. would be,’ s u f f i c i e n t  to ensure the stability of the

dam embankment. it is the opin ion  of WE S h y d r a u l i c  eng ineers  t h a t  the

‘fype 4 design will provide additional protection due to t h e grouting of

the 100—ft length of dike No. 1 adjacent to the left riverbank and ,

therefore , it is the recommended design . In addition , modifications

were made to the ori ginal plans and specifications for th e dam embank-

ment construction to include the excavation of tile overburden material

and placement of additional stone protection at the t o e ’ of the  darn ‘

embankment to  existing rock.
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Table 6

Basic Uns’ont rolled Sj uf l w r i ’,’ Rat  in,~
Dat ri Obtained from Model

I)ischarge Pool Elevation H e s d on Crest
c fs f t U h o IV * . r’ iS r  I ft
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15 ,250 838.0 4.00

20 ,00() 838.6 4.48

24 ,001) 838.9 4.96
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l.a accordance wi th ~~l 70-2-3, paragraph 6c( 1)(b),
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dated 15 P~bi-uaxy 1973, a facsimile c~ta1og card

• in Librazy of Congress format is reproduced below.
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Rothwell , Edward P
N o r t h  Fork Lake S p i l i w a y,  San Ga b r i e l  River , Texas;

-‘ hydraulic mode l investi gation , by Edward P. Rothwe ll . I 4

Vicksburg, I’ . S. Army E n g i n eer Wat erways Ex pe r i m en t
Sta tion , 197€ .

1 v. (various pagings) illus. 27 cm . (U. S.
Wa terways Experiment Station. Technica l report H— 76—lO)

- Prepared for U. S. Army Eng ineer District , Fort Worth , V

Fort Worth , Texas. V

1. Hydraulic models. 2. North Fork Lake Dam.
3. San Gabriel River. 4. Spillways . I. U. S. Army V
Engineer D i s t r i c t , F o r t  W o r t h .  ( S e r i e s :  U.  S. V

Waterways Experiment Station , Vickshurg , M i s s .  T e c h n i c a l
report H—76—lO) V
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